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(57)[ABSTRACT OF THE DISCLOSURE] 



[WM] [SUBJECT OF THE INVENTION] 

ffiWtfk *5 JUJMn^&J&s^t ^ While viewing angle and opening rate are large, 

&1&<DM j 6lf&.ftl&< x liquid-crystal optical element alternative of 

Wkti*?§-BtlW.$a%^M = i-%^i material is large and manufacture is easy is 

#H"<5„ provided. 
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[#?&¥!§:] [PROBLEM TO BE SOLVED] 

^^©jKBa^l-flt ~ Liquid-crystal optical element of this invention is 

3$<DliMt* —%k<DWM<D?*\\Z- liquid-crystal optical element which has 

WiM&titcl&BkM 2 4 t £r^f1~ liquid-crystal layer 24 arranged between a pair 

^Mm^t^M^Xfo 9 > ffimM of electrode and a pair of electrode. 

2 4 fi N Hi £>¥l£i§Jf 4h I Liquid-crystal layer 24 has 2nd liquid-crystal 

1 co^jfali 4 #t<7)11t layer 5 arranged to 1st liquid-crystal layer 4 and 

®<7)Bi E> jfe#|;friF] LTSSB 1st liquid-crystal layer 4 adjacent to the direction 

W^tltcM2(D^ B M 5 of normal line of surf ace of a pair of electrode. 

L, II OiRsfaJI 4 fi, fi^tt Orientation state of 2nd liquid-crystal layer 5 is 

%&j&^&1^&LX^j&£fritcm) controlled by orientation state of 1st 

^T-^ctU^s ifcm^tA&I^Zh, liquid-crystal layer 4 including giant-molecule 

% 2 (DWiaJH 5 OlEft^Bste s formed by 1st liquid-crystal layer 4 polymerizing 

% 1 ^^jflli 4 <Z)IBfp]^f§t;L J; polymerizable composition, and liquid-crystal 

ot$W^5 0 material. 




[CLAIMS] 

[Ml] [CLAIM 1] 

— ^(DmMt % fiJIfi— *+<>9lt It is liquid-crystal optical element which has a 

%(DF£\{cW±W£frifcy&BaJ§t%: pair of electrodes and a liquid-crystal layer 

^ir&ffimft^^^Vfa-oX N placed between said pair of electrodes, in which 

Stjffi^H^iiH, H 1 ^^a^/i ^ said liquid-crystal layer has 1st liquid-crystal 

fijfEH 1 <D^bbJ§^^ LTfufE layer and 2nd liquid-crystal layer arranged to 

—ft<DWM<0[Ei<Di&Wijj\n}\zl$ said 1st liquid-crystal layer adjacent to the 
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t TlEfi £ tifd^ 2 O^Ja/l direction of normal line of surface of said pair of 

b^^^s electrodes, 

tfifB^ 1 <D%&MiMfe* said 1st liquid-crystal layer contains 

fiE^&rfi-a LX^Ef^^titcM^ giant-molecule formed by polymerizing in 

-?-:fe=fcU\ ^B B B$t!4 : Sr*a<?K polymerizable composition, and liquid-crystal 

wi^Wi 2 (D&bbM OEZfaVzW- material, 

(is SiJE^ 1 Of$Bl/flOiafR]#t and orientation state of said 2nd liquid-crystal 

Mfc£<>Xfflffi£ti&'&B%yt¥ layer is a liquid-crystal optical element 

controlled by orientation state of said 1st 

liquid-crystal layer. 

[ft^ 2 ] [CLAIM 2] 

fjIBH 1 (DW.BBM(D^i\o]ikM Orientation state of said 1st liquid-crystal layer 

it, fijfS— M<DM^^M^ti is liquid -crystal optical element of Claim 1 

/cfltJdElc XoXftVM&ti&Wtk controlled by voltage impressed to said pair of 

*I 1 \^m(D'm^%^m^ 0 electrodes. 



[ft*Jl3] [CLAIM 3] 

fjfS— ^(OlE^^BHE/^EPin Liquid-crystal optical element of Claim 1 or 2 in 

£titcb % ^ ttJlE^ 1 W^hh which, when voltage is impressed to said pair of 

Ji(D^B B B^^WSfifa^fa^iifil£ electrodes, the orientation direction of liquid 

1&BaM<D\M}faX~W:{tL, ^zfxAz. crystal molecule of said 1st liquid-crystal layer 

DTtuffi^ 2 cor^BBii^)?^BB varies in surface of said liquid-crystal layer, and 

^T-^lS|B]^'l^]^ s tiJl2 : ^B B B^cC) according to this, the orientation direction of 

W\faX%iiki~ & W 1 fcf± liquid crystal molecule of said 2nd liquid-crystal 

2 ^fBfc<^ft£B B Tfe^^T-o layer varies in surface of said liquid-crystal 

layer. 

[ 11**14] [CLAIM 4] 

ffJfBH 1 (Dti&BBHHtfi ^ Jfr Said 1st liquid-crystal layer is liquid-crystal 

* ^ $ f- -y 9 tl ^T^ir ft 1 optical element in any one of Claim 1 to 3 which 

frh?> <D\/^tifr\z.W$L(OW.k% shows chiral-smectic phase. 

[It#«5] [CLAIMS] 

StJfS^ 1 (DWLikM\$. 3£Uifc Said 1st liquid-crystal layers are ferroelectric 
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14s fctf&MH^ & ilf?! y and liquid-crystal optical element in any one of 

MUtico 5 h<D'pt£ < i: t> v^T Claims 1 to 4 which shows one at least any one 

tifr — o $r^i~lf 1 /5> b 4 in antiferroelectric and ferri- dielectric. 

[f*#5 6 ] [CLAIM 6] 

tuE^ 2 co^H B siitts A<£>^ Said 2nd liquid-crystal layer is liquid-crystal 

WlJ&Jj Z^-^^y optical element in any one of Claim 1 to 5 

mU&&1stftn>k%ii Ifrb 5<D containing nematic-liquid-crystal material which 

V^-f ti/^^^IEftco^a^^t^^ has negative dielectric anisotropy. 

[1**35 7 ] [CLAIM 7] 

tulSS'att^S.^^^^^ttSr Said polymerizable composition is liquid-crystal 

^i^ff J^ 3 ! li J b6 CDV^Tti optical element in any one of Claim 1 to 6 which 

frlZ.VS&OWL&yt&X^f-o has liquid crystallinity. 

[ft*3S8] [CLAIM 8] 

BulBS-att^l^^Jfis 14 Said polymerizable composition is liquid-crystal 

TV ]) V— h£r"atrff optical element in any one of Claim 1 to 7 

1 b 7 vf ti/^cffiic containing liquid crystallinity (meth)acrylate. 

[!*#>S9] [CLAIM 9] 

tulSMBBtt (^^) ]) u Said liquid crystallinity (meth)acrylate is general 

— h (±— JK^C formula. 

[Si] [FORMULA 1] 

CH 2 ^3CCOO-(a)-Y 1 -(»)-^Y2-(£!^Y3R (I) 



"Cl££tu It is expressed with these, in said general 

tulS— (I) (3L4oi/^Ts X formula (I), x is hydrogen atom or methyl group. 
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teTklff J^S/ctt^ ^/uST'fc N is integer of 0 or 1. 

•9 „ n f"± 0 ^fcfi 1 GdS^T'fo Six membered rings A, B, and C, respectively, 

[it 2] [FORMULA 2] 

X "*L^©- -0- -S> -o -o 



(II) (D^^b&kll LTSiR. It was chosen independently from (II). 

$tifc 0 > ftlEst ( I In said formula(ll), m is integer of 1-4. 

I) tcjoV^Ts mfi 1 ~ 4 OH Y1 and Y2 are each chosen from single bonds, 

ISrCfc <9 , — CH 2 CH 2 — ,— CH 2 0— ,— 0CH 2 — ,— 0C0— , 

Y 2it^tl^ftl, — COO— ,— CH=CH— ,— CF=CF— ,— (CH 2 ) 4 — , 

£\ -CH2CH2- — CH 2 0 — CH 2 CH 2 CH 2 0— — OCH 2 CH 2 CH 2 

— -OCH2- — OCO— — ,— CH=CHCH 2 CH 2 0 — , and 

—COO—, — CH = CH— -CH 2 CH 2 CH=CH-. 
-CF = CF- — (CH 2 ) 4 

— % -CH 2 CH 2 CH 2 0- — Y3 is single bond, -0-, -OCO-, or -C00-. 

OCH 2 CH 2 CH 2 - — CH= R is liquid-crystal optical element of Claim 8 

CHCH2CH2O — \ te^XI — which is hydrogen atom, halogen atom, cyano 

CH 2 CH 2 CH=CH-Oit ] ^ group, C1-20 alkyl group, alkenyl group, or 

bl&±LLXM%l£titzh<D-Ch alkoxyl group. 

«9x Y3telfM££\ — O— , — 
OCO—, ^ tc f± — C O O — T? 
h<9, R teTklf JJliK ao^ 

£ fcfiT a- = * i/^Sf h 3 It 

#>S 8 KlEf^H^^. 

[ft*3S 1 0 ] [CLAIM 10] 

iulE— $x*t (I) Id&V^T, In said general formula (I), said X expresses 
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mIfEXtefiJf5zk^J^ J ?-&r^L N said hydrogen atom, said n expresses 0, said 

ftllEn fiO L, buIBA jlHi six membered rings A and C are each chosen 

A&TfC&^ti^tl^ 1, 4 — independently from 1 ,4-phenylene group and 

7 &£Tfl, 4 — 1 ,4-trans cyclohexyl group. 

yyVTs-yVu^-Zr'yiV&o-)^ Said Y1 expresses single bond or 

a»feafeS£LT8ft£;h,fct>©-T? -CIDENTICAL-TOC-, said Y3 expresses single 

fe 0 fufSY 1 (i¥-^p-a Sfcfi bond, said R is liquid-crystal optical element of 

— C = C— £^1^ ftilEY 3 (3: Claim 9 showing halogen atom, cyano group, or 

*J&&** Us ttlfa R liAD^ C1-C20 alkyl group. 

^Sc 1 ~ 2 0 ©T/Vdf./uSSr* 
-tff 9 |E«tf>ifc&ft^3($ 

[ft 1 1 ] [CLAIM 11] 

ftil!£Jl^tt£fi$c#){'£s ^/jN 0;3 r Said polymerizable composition is liquid-crystal 

i/T $ V h Sr'atf tf:^ 1 ! 1 optical element in any one of Claim 1 to 10 

frh 1 0 cTH^-f iX/i^fSitco^H^ containing epoxy acrylate. 

[St*«l 2] [CLAIM 12] 

fuf5fini4£fi$c$9 £ buF5^h b b Liquid-crystal optical element in any one of 

ttffib<DitMftztt1-Z)fi{jt&Mi3 Claims 1-11 in the range of 0.05 to 10 weight% 

\£MLj$,%fo<Dfflk$tfc 0 . 0 5~1 of concentration of said polymerizable 

0 fiA%W^I3{c:fc£fi3jt*S 1 composition with respect to sum total of said 

frb 1 1 ifaiWcfaifctT)^ polymerizable composition and said 

aDt^^^o liquid-crystal material. 

[i^Opa^PI] [DETAILED DESCRIPTION OF THE 

INVENTION] 



[0 0 0 1 ] [0001] 

[%>m<F>M>-fZ>&MftW\ [TECHNICAL FIELD OF THE INVENTION] 

^^^MitWaa^t^B^-^Mf' This invention relates to liquid-crystal optical 
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[0 0 0 2] 



[0002] 



®mxnt>k^5£5%, CR 

h^'TV-^ ($ B B B 



[PRIOR ART] 

Since it has advantageous characteristics 
compared with CRT, such as thin shape, 
lightweight, and low power, liquid crystal display 
is widely utilized as display device for television 
system or computers, or a display device of 
portable equipment. 

Liquid-crystal material which shows nematic 
property is used for many of liquid crystal 
displays utilized now. 

In this liquid crystal display, generally, when 
electrical field is impressed to 
nematic-liquid-crystal molecule of twist 
orientation in the direction of normal line of 
substrate surface, display is performed using 
mode which liquid crystal molecule switches to 
out of plane (liquid-crystal layer or the direction 
of normal line of base plate). 



[0 0 0 3] 



[0003] 



[%m&ffl&:L£ 0 it - SIR [PROBLEM TO BE SOLVED BY THE 

JS] INVENTION] 

LfrLtHtf b-ttiO^— KSrffl However, it has disadvantage that liquid crystal 

l/^fc^BBlft^SSfi^fi^^^^ display using the above-mentioned mode has 

l/^i/^^^^tLTi/^„ narrow viewing angle. 



yJ-y^^^X^TF^'iioWinB switch nematic liquid crystal in surface, and 



0 s 



[0 0 0 4] [0004] 

iff Hip 6 - 1 6 0 8 7 8-^&$R Unexamined-Japanese-Patent No. 6-160878 V$ 
fi v ^^^y f'&Mi&Wifil^'f discloses liquid crystal display which is made to ^ v 0 i^ 
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performs display. 

In this liquid crystal display, two or more 
electrodes which become one liquid-crystal 
layer side surface of base plate which 
sandwiches liquid-crystal layer from metal etc. 
are arranged, by impressing electrical field 
(horizontal electrical field) to surface direction of 
liquid-crystal layer, liquid crystal molecule is 
switched in surface. 

This liquid crystal display can make viewing 
angle large. 

However, since it is necessary to prepare two or 
more electrodes which are not transparent in 
display region, there is problem that opening 
rate becomes low. 



[0 0 0 5] 

:ti k: n l x §&v§ m« H B B 4 it 



Ia B B ft M M v> E f*i ft 



b b b ft ^ if f v 9 Mbb *Wl 



B B B 



[0005] 

On the other hand, when electrical field is 
impressed at right angles to layer surface of 
liquid-crystal layer, liquid crystal molecule 
switches smectic liquid crystals, such as 
ferroelectric liquid crystal or antiferroelectric 
liquid crystal, to surface direction of 
liquid-crystal layer. 

Therefore, since two or more electrodes for 
forming horizontal electrical field needed for 
liquid crystal display using the above-mentioned 
nematic liquid crystal are not required when 
smectic liquid crystals, such as ferroelectric 
liquid crystal or antiferroelectric liquid crystal, 
are used for liquid crystal display, viewing angle 
can be made large, without falling opening rate. 
However, in liquid crystal display which used 
ferroelectric liquid crystal or antiferroelectric 
liquid crystal for liquid-crystal layer, since it is 
necessary to control orientation state of liquid 
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ffl'M (v^^>5^®^3fe{b) 1~ crystal molecule by surface which touches 

Si&lg/^fcSfctf)^ -tr/H^f: liquid-crystal layer (the so-called surface 

2 m mJ^T^^(-"t"6^g^fe stabilization), it is necessary to set thickness of 

<9 , ®[ia:& s SUT" fe 5 <h V > o ?3 cell to about 2 micrometer or less. 

LTV^fc„ It had problem that manufacture was difficult. 

[0 0 0 6] [0006] 

B. Steb 1 erll WO 0 B. Set Stebler to WO00/03288, liquid crystal 

0/0 3 2 8 8(dioV^T s display which induces that bulk liquid-crystal 

9WJfeM<b%M\^ WfaT-'i v layer switches in surface is disclosed by 

fl/tf-f^WLwsM iWittl^MM) preparing liquid-crystal layer (dynamic surface 

%WLtf 5- t fc£ 9 , /^jvpfa layer) switched in surface in surface of bulk 

bbM^M^I^^ •yJ L >?irZ><D liquid-crystal layer. 

%&&^&MBB%:7F'£flL%:?$7F Dynamic surface layer which induces switching 

LTV^c ^(DMM^WA^M^ within surface currently disclosed by the 

$tbTV N 2>ffil^l^^ y Embodiment is formed from polymer liquid 

ff|21~5!tb#J^iIiIites crystal (giant-molecule which has side-chain of 

Wlbb (Mt£^I£I'£^"1~ 3 Si liquid crystallinity). 

3&»b31^J^ c?tbTV»5 0 r. In this liquid crystal display, in order to perform 

tf>8£&^*3£E"Cte% display using switching mode within surface, 

-y^f-ls"?^— K^fflv^T^^^r viewing angle can be made large, 

ff b fc&lclSiHi < i"5 - Furthermore, thickness of cell can be enlarged 

^ % £ b fc» ^^WttM compared with liquid crystal display which used 

BBt.tcl$Rfei$Mfe&BB&'1&B% ferroelectric liquid crystal or antiferroelectric 

Jltcffl V^/c^BB^^^fi^it^ liquid crystal for liquid-crystal layer. 

X x ir/Wl&r^t < 1~<5 r. t ff However, since polymer liquid crystal was used 

"C#5 0 LfrLt£&bs ib#J^ for liquid-crystal material of dynamic surface 

®l^^HB0^{-t^53-^-?^B B B?: layer, there was problem that alternative of 

fflVT^Sfc&tt^ W$[<DM%1 material was limited. 

[0 0 0 7] [0007] 

;fcMte±aE<7)liil£$?^1 _ 5 It is for this invention solving the 

1tlb<Di><DX-fo*) x above-mentioned subject. 
tfiln^riS^V^*^ Itfif While viewing angle and opening rate are large, 



1/26/2004 



11/39 



(C) DERWENT 



JP2003-315825-A 



DERWENT 



W51^Kd 5 JE£< s W&t^Moti: alternative of material is large and manufacture 

^HH^^^T-^^f&i"^ £ k & aims at providing easy liquid-crystal optical 

Btf}hirZ> 0 element. 

[0 0 0 8] [0008] 



[WkM^Mfci-ZtctbO^gl} [MEANS TO SOLVE THE PROBLEM] 

^^^(D^Bhyt^^^Ffes Liquid-crystal optical element of this invention is 

(DMffiks tufS— %k<DHM<D?*\ liquid-crystal optical element which has 

IzWLW&fctcti&imM k &^irZ> liquid-crystal layer arranged between a pair of 

iB B B^iK*fcot, huI5^ electrode and said a pair of electrode, 

bbS li, % 1 <T>WLwsM k , fufS comprised such that said liquid-crystal layer has 

%\ <Dl&£hM\Zttl,Xwi%Z— M 2nd liquid-crystal layer arranged to 1st 

(7)fl;@(7)ci(Dfe^^[p]tCp^L liquid-crystal layer and said 1st liquid-crystal 

XMW^fritcW, 2 <D%fcM*M k & layer adjacent to the direction of normal line of 

^T L, tufS^ 1 (DWaaJSte, It surface of said a pair of electrode. 

^t££l^^£fi-a LT£j££tL Orientation state of said 2nd liquid-crystal layer 

fcifi^T-fcctU^ ^s B H^f4^^ is controlled by orientation state of said 1st 

3k iul5!£ 2 CQ^ala/f^SEf*]^ liquid-crystal layer including giant-molecule 

Ifill, Sufa^ 1 W^s B a/iOSafp] formed by said 1st liquid-crystal layer 

V\WAz<k^XM'i®<zfris wtU£ polymerizing polymerizable composition, and 

ct 5±IEttjHi s #*$^So liquid-crystal material, thereby, the 

above-mentioned subject is solved. 

[0 0 0 9] [0009] 

MfS^ 1 <DW>auM <E>SE[*]^li Orientation state of said 1st liquid-crystal layer 

ffjfB— y$(DW$k\Z-^M £ ti may be controlled by voltage impressed to said 

fcttJEtC ioTflJW^HWSo a pair of electrode. 

[0 0 10] [0010] 

StjfB— ^Wflfli^fltflEi s fPiD$ When voltage is impressed to said a pair of 

Jh/fct#f£, ftiJfS^ 1 (DWmM electrode, the orientation direction of liquid 

(Di&Mzft^^ifa^fa&mfZlfc crystal molecule of said 1st liquid-crystal layer 

mM^^^HX^itl^, ^tiitCfc varies in surface of said liquid-crystal layer, 

CTjtufS^ 2 (D^zaMtDi&Baft according to it, the orientation direction of liquid 

^(Dffifafifafciwj&^MzMtO'iSi crystal molecule of said 2nd liquid-crystal layer 
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[001 1 ] [0011] 

SulE^ 1 <DW.ieMit^ 4 7/\s7* As for said 1st liquid-crystal layer, it is desirable 

/.$=f-y# $g %7rrt Z.bi£tfr% that chiral-smectic phase is shown. 

[0 0 12] [0012] 

SUKII 1 (D^iaMlt, SS^Sttx As for said. 1st liquid-crystal layer, it is desirable 

S^a^lttt, $5 X Xjy y that ferroelectric and one at least any one in 

ttco 5 % <D'pt£ < i t> V ti^ antiferroelectric and ferri- dielectric are shown. 



[0 0 13] [0013] 

buIE^ 2 <D#£|=i jf F± x ^ CDf^H As for said 2nd liquid-crystal layer, it is desirable 

^^tt^Wi - ^^"^^ y ^^bh that nematic-liquid-crystal material which has 

^#4&r*a if ^. £ £ L V \, negative dielectric anisotropy is included. 



[0 0 14] 



[0014] 



fu§£McH£#flj&^ftii£l3t££^ As for said polymerizable composition, it is 



desirable to have liquid crystallinity. 



[0 0 15] 



[0015] 

As for said polymerizable composition, it is 
desirable that liquid crystallinity (meth)acrylate 
is included. 

Said liquid crystallinity (meth)acrylate is general 
formula. 



[0 0 16] 

[I* 3] 



[0016] 

[FORMULA 3] 



CH 2 =CXCOO-{A)-Y 1 -^(B)-^Y2-(e^-Y3R 



0) 
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TrS £ ftllE— llx^ ( I ) It is expressed with these, in said general 

jol^Ts XtezR^Ij^f-^fcfi^ formula (I), x is hydrogen atom or methyl group. 

^vl'gT'fc 9 > nlSO^fcfil N is integer of 0 or 1 . 

(DUtfc-Cfo <9 s 7aMSA s Bjo Six membered rings A, B, and C - respectively 

«fctfCte^*V?*K 

[0017] [0017] 



[5£4] [FORMULA 4] 

~ ^ -o -0- -O- -O- 
"X "-<3- -o- -o 



(II) (^^fb&iZlLTjl^ It is chosen independently from (II). 

$tbfct>0-efc <0 % MISS; (I Insaidformula(ll), mis integer of 1-4. 

I) (C&V^T, mfil~4<7)ll Y1 and Y2 are respectively single bond, and 

$rC#>!K Y 1 &tfY 2 fit-til, -CH 2 CH 2 .- 

ftl, W^-CH 2 CH 2 - -CH 2 0-, -OCH2 - 

— CH 2 0— , -OCH2- — -OCO-, -COO-, -CH=CH-, -CF=CF - (CH 2 ) 4 -) 

OCO- —COO—, — CH -CH 2 CH 2 CH 2 0- 

= CH- -CF = CF- — -2</SB>CH 2 [OCH 2 CHj. 

(CH 2 ) 4 v CH 2 CH 2 CH it is chosen independently from -CH=CHCH<SB>2CH20- and 

2O— N -OCH2CH2CH2- -CH 2 CH 2 CH=CH-. 

-CH=CHCH 2 CH 2 0- Y3 is single bond, -0-, -OCO-, or -COO-. 

$o£.Tf — CH 2 CH2CH = CH R is hydrogen atom, halogen atom, cyano 

— ©f'^yii LTiltR^tL/t group, C1-20 alkyl group, alkenyl group, or 

tCT?fc 0, Y3 ~ alkoxyl group, 

o— , —OCO—, *fctt—C 
OO-tfeO, Rfi^H^x 
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[0 0 18] 

awa-ite; (i) Kfcwt, m 

fEnfiO&^U BulcTyRStA 
Xt^Ctt^tl^ 1, 4—7 
^~U^m. *3<tt/l, 4— h 

C = C— £3?U ttjfcY 3 



[0018] 

In said general formula (I), said X expresses 
said hydrogen atom, said n expresses 0, said 
six membered rings A and C are each chosen 
individually from 1 ,4-phenylene group and 
1,4-trans cyclohexyl group. 
Said Y1 expresses single bond or 
-CIDENTICAL-TOC-, said Y3 expresses single 
bond, as for said R, it is desirable to express 
halogen atom, cyano group, or C1-C20 alkyl 
group. 



[0019] 



[0019] 



BuESo-t^l^fetis :r./j?3r-> As for said polymerizable composition, it is 



desirable that epoxy acrylate is included. 



[0 0 2 0] 

H B B ii) k&GLX^?> 0 



[0020] 

[EMBODIMENT OF THE INVENTION] 

Liquid-crystal optical element of this invention 
has liquid-crystal layer arranged between a pair 
of electrode and this pair of electrode. 
Liquid-crystal layer has at least bulk 
liquid-crystal layer (2nd liquid-crystal layer) 
arranged to surface liquid-crystal layer (1st 
liquid-crystal layer) and surface liquid-crystal 
layer adjacent to the direction of normal line of 
surface of a pair of electrode. 



[0 0 2 1 ] 



[0021] 
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Bulk liquid-crystal layer is larger than thickness 
of surface liquid-crystal layer, and bulk 
liquid-crystal layer contributes it mainly to 
display. 

When voltage is impressed to a pair of 
electrode in this liquid-crystal optical element, it 
is in response to this voltage impression, 
orientation state of surface liquid-crystal layer 
varies. 

Bulk liquid-crystal layer is arranged adjacent to 

surface liquid-crystal layer. 

Therefore, orientation change of surface 

liquid-crystal layer induces, and orientation 

state of bulk liquid-crystal layer varies. 

That is, orientation of bulk liquid-crystal layer is 

controlled by change of orientation state of 

surface liquid-crystal layer. 

Therefore, bulk liquid-crystal layer can be 

changed into desired orientation state by 

controlling orientation state of surface 

liquid-crystal layer suitably. 

In addition, bulk liquid-crystal layer is also good 

also in response to voltage. 

However, it is important that surface 

liquid-crystal layer fundamentally responds to 

voltage. 



[ 0 0 2 2] 

1 fi&tt htlX V^ftff i ^ 

tins® <r> n^j *j v vc Eft 



[0022] 

Surface liquid-crystal layer should just be 
prepared in at least one layer of liquid-crystal 
layers. 

However, it is more preferable to be prepared 
any of electrode surface side surface of bulk 
liquid-crystal layer. 

When surface liquid-crystal layer is prepared on 
both surfaces of bulk liquid-crystal layer, 
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VtM%fflffli~2>Z.b&X'% %><D orientation state can be controlled in both of 

T\ H0.mM(DWaB^^-(OJt^M electrode side surfaces of bulk liquid-crystal 

&*£>0±%<t?)^kfrX*% layer. 

5 t V* 5 3b^$r$l5 - t f$X% Therefore, effect that response speed of liquid 

5 0 crystal molecule of liquid-crystal layer can be 

enlarged more can be acquired. 

[0 0 2 3] [0023] 

^(DW.m%^Ml-X\-i, In this liquid-crystal optical element, surface 

a^I^, £iH4iaj&^£ii"a L liquid-crystal layer is characterized by one 

X$E.&&fotz.W75 = t-te XTJ, including giant-molecule formed by 

bbWPt^:^ A/"CV N 5 ^ i:$:lo polymerizing in polymerizable composition, and 

(DWtikb LTt^o Ell tt^® liquid-crystal material. 

^bbII 4 (D^MXh^o^T \ FIG. 1 is model of surface liquid-crystal layer 4. 

H 1 tT^®^Hlii4 Hereafter, surface liquid-crystal layer 4 is 

tftEjfli'^o demonstrated with reference to FIG. 1. 



[0 0 2 4] [0024] 

%MW.bbM 4 Kl"a £ ti^MaH^ For example, smectic-liquid-crystal material, 

£Hcte:#iJ;ifi\ ^ttfytWi nematic-liquid-crystal material, or 

MittPt. cholesteric-liquid-crystal material can be used 

^fcfi^ UT^t V >y?ti§.B%WPr for liquid-crystal material contained in surface 

Srfflv^r tt^mxh^o # liquid-crystal layer 4. 

WfcMift^CDjiitio J: U*jt'i>cD There is periodic order property in azimuth of 

{tLW^fflMtfl&fcfe&h *9 s liquid crystal molecule, and position of center of 

^famftl-(D-§MJj\*\ft ; i&BnM gravity in particular. 

SO&^^rrRl^^MML-TV^ And it is desirable that major axis direction of 

jj^ y/VT^J- y ^W.bbW¥( liquid crystal molecule uses chiral-smectic 

(fflTL&ti'i yfr^t Vf-y 9 liquid-crystal material (for example, 

Ci&mtt&) ^ffl^-S^t^^f chiral-smectic C liquid-crystal material) which 

^ LV\ ^f^W^fis ^litttts inclines from liquid-crystal layer surface 

Kfaffimfe, y^Vmn&Z^ normal line. 

# f y ^'MbbW^^M^ Specifically, it illustrates smectic-liquid-crystal 

$ti5 0 ^'J^H^^fl;t4?r^i~ material which shows ferroelectric, 

*^7^^f ^bb$T^ antiferroelectric, and ferri- dielectric. 

T11@ 1 tdT^i-J; 9 W$h b b#T- For example, as shown in FIG. 1 with 
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chiral-smectic liquid-crystal material which 
shows ferroelectricity, major axis direction of 
liquid crystal molecule 32 inclines from 
liquid-crystal layer surface normal line. 
In particular, it is temperature region higher than 
temperature region which shows strong 
dielectric phase, anti-strong dielectric phase, or 
ferri- dielectric phase, it is preferable that it is 
liquid-crystal material which shows smectic A 
phase and (chiral) nematic phase. 
Orientation control tends to perform such 
liquid-crystal material. 



[0 0 2 5] 

mmm&m 4 am 1 1^1- * 5 
\z % ± nm&um* b fc 5 mgk 
130 \Lm#*m 3 5 #£ai- 

§i9 £ tixffij& £ fix 
ztifcX Vs M£kM3 0 

&W&*m3 5\c£-oX£fe4t 



[0025] 

It forms and surface liquid-crystal layer 4 is 
comprised so that polymeric strand 35 may 
carry out penetrating to liquid-crystal layer 30 
which is made up of the above-mentioned 
liquid-crystal material as shown in FIG. 1 . 
Thereby, orientation of liquid crystal molecule 
32 contained in liquid-crystal layer 30 is 
stabilized with polymeric strand 35. 



[0 0 2 6] 

fi\ %s h^myttmt 

^McftibtiZ X o fc % fi-^tt 

&ffln\zjm&mm#'£it ; hx 



[0026] 

Giant-molecule is formed by polymerizing 
polymerizable composition with light, heat, or 
light and heat. 

In addition, it is desirable that polymerization 
initiator is contained in polymerizable 
composition so that polymerization reaction 
may be performed promptly. 
Giant-molecule may have crosslinked structure 
and may have linear structure. 



[0 0 2 7] 



[0027] 
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By forming surface liquid-crystal layer 4 using 
giant-molecule formed by polymerizing in 
liquid-crystal material and polymerizable 
composition, alternative of material spreads 
compared with case where surface liquid-crystal 
layer 4 is formed by polymer liquid crystal as 
disclosed by above-mentioned gazette 
WO00/03288. 



[ 0 0 2 8] [0028] 

^lu N $E$lBl4?r$0 B 0(i Furthermore, by forming surface liquid-crystal 

ft^Muv) fectt/ffi^T'^fflV^ layer 4 using liquid crystal (low molecular liquid 

Xffif&iT'h t \c£ 9 , JifB^ crystal) and giant-molecule, compared with 

£RWO 00/03288 ©fee liquid crystal display element of 

^^Jf-T-fclJfc^T* 3 i/ y 7 * above-mentioned gazette WO00/03288, 

Mt^ritK ts 'Vu^f&lljltf) contrast ratio can be made higher and ^ord^L 

IBfRjr&J^&Tcfc 01^— h orientation control of bulk liquid-crystal layer 

t>~C%5o Mft^ti&BB can also be carried out more to homogeneity. 

b&ft^WlSzbXtts HHEEP^P This is because difference is in change of 

Jdct 3IEft^ffi©l£{bl£sV^ s orientation state by voltage impression by 

£><5^I ^{3lJ:5o J^Ts cfc polymer liquid crystal and low molecular liquid 

m^MWi- 5 0 crystal. 

Hereafter, it demonstrates to detail more. 

[0 0 2 9 ] [0029] 

i&ft^MM* (DWaa- , fo<5L£l/^ In the case of low molecular liquid crystal, 

fl;jEi^±wS;jE^R]i)P$^x?> b impression of voltage more than a certain 

?p b&X (D^BB^^<DEi^]^k$M threshold voltage changes orientation state of 

#fftt5 0 CltUc^ LTBi^ almost all liquid crystal molecules. 

^^el<E>^a\ L#^flH:J^± On the other hand, since rigid liquid-crystal 

(DMtELt^M'&tlXh, structure part is bound to polymeric strand even 

Ubb^W^^^^M if voltage more than threshold voltage is 

£jft/TV N <5fc#)lc, ^B B 0#^^P impressed in the case of polymer liquid crystal, 

5^©BB[Rl^li^^^tC(i^{t;L orientation state of liquid-crystal structure part 

ld<v\> SoT, Mft^Fti&ikfr cannot vary easily completely. 

h^hMBBM^MnB%^M^\^ Therefore, since optical leakage arises from 
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part which cannot cause orientation change 
easily when liquid-crystal layer which is made 
up of polymer liquid crystal is used for 
liquid-crystal optical element, there is inclination 
for contrast ratio to become low. 
That is, although polymer liquid crystal is bound 
to polymeric strand therefore, it is difficult for it 
to make it orientate uniformly, and there is 
inclination for contrast ratio to become low. 



[0 0 3 0] 

mwo o/o 

3 2 8 8 KH^jft/ri^J: 0 



[0030] 

Furthermore, since part which cannot cause 
change of orientation state easily due to voltage 
impression exists in dynamic surface layer itself 
when dynamic surface layer for controlling 
orientation state of bulk liquid-crystal layer is 
formed from polymer liquid crystal as disclosed 
by above-mentioned gazette WO00/03288, 
there is a possibility that it may become difficult 
to perform completely control of orientation 
state of bulk liquid-crystal layer. 



[0 0 3 1] 



i&BB M «t o T s< fv t M M <o 
^1r< , ^f7^ bit 



[0031] 

Liquid-crystal optical element of this 
Embodiment contains liquid-crystal material and 
giant-molecule with low molecular surface 
liquid-crystal layer which controls orientation 
state of bulk liquid-crystal layer. 
Therefore, compared with liquid crystal display 
element currently disclosed by the 
above-mentioned gazette, orientation state of 
bulk liquid-crystal layer tends to be controlled by 
surface liquid-crystal layer by homogeneity, and 
decline of contrast ratio is also inhibited. 
In addition, orientation state of bulk liquid-crystal 



1/26/2004 



20/39 



(C) DERWENT 



JP2003-315825-A 



THOIViSOM 



DERWENT 



BBttfM^ttLX/b& <~tZ> Z k layer is more effectively controlled by making 

icj;^ X. V'Bh^tbK^^VW. small polymeric proportion included in surface 

&M<OWL&\ftt&%fflffl\s> liquid-crystal layer to low molecular 

by* b it CD {ST &fflMX* # liquid-crystal material to mention later, decline 

& 0 of contrast ratio can be inhibited. 

[0 0 3 2] [0032] 

^MW&M<nW.B%%¥- Furthermore, surface liquid-crystal layer of 

Bl-O^WiW.mMl'i., JS-a^l liquid-crystal optical element of this 

j&fe&'ji'n LX&.f&^titcM'ft Embodiment contains giant-molecule formed by 

& XlfWaB^f^^/^X^^ polymerizing in polymerizable composition, and 

Z><DX\ m£feB.J& ! &)<Dm& J $ > liquid-crystal material. 

Il^-o ^ Therefore, by setting up proportion and 

t^X.'O, s^^VW-bbM^WM combination of polymerizable composition 

$1]^?:^^ ^WBttZ) ^ t ifiX* variously, orientation control of bulk 

cf 2) 0 S^Tv s^^VW-mM^ liquid-crystal layer can be adjusted variously. 

liftfty^P^ck 9iI^Wt? r t Therefore, orientation control of bulk 

T^Tr^/So liquid-crystal layer can be performed more 

suitably. 

[0 0 3 3] [0033] 

£n-tt#lfi5c^^ MW.feti&m'W As for polymerizable composition, it is desirable 

ii-a ttlffb J£ £: 1 ^^fa that compound which has rigid liquid-crystal 

W.m\£ : {t : &i~Z>{kn- structure and rigid polymerizable functional 

^^H" A/Tri^S CI t L group in 1 molecule and which has liquid 

v\ ^<D{t'n ! yofrb±J&&friZ> crystallinity is included. 

M / 7$^feWB%'W$t 3 4 Giant-molecule formed from this compound has 

<DX\ i&Baft^- 3 2 (DgBfp] liquid-crystal structure 34. 

^jtl^-frS CI t 6 0 Therefore, orientation of liquid crystal molecule 

32 can be stabilized. 

[0 0 3 4] [0034] 

WlW.fri&BB'Wfa 3 4 iifi'^tt'f It is desirable to use liquid crystallinity 

Wist £#-^ft^ ; £'"t~<51i'at4 (meth)acrylate as a polymerizable composition 

LTfi^HBtt ^) which has rigid liquid-crystal structure 34 and 

TV ]) V— b 3rffiV^& CI t ffiffr rigid polymerizable functional group in the 
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molecule. 

Monofunctional (meth)acrylate which is acrylic 
acid or methacrylic ester of cyclic alcohol which 
has monofunctional liquid crystallinity acrylate 
to which methylene spacer does not exist 
between liquid-crystal structure and 
polymerizable functional group, and 
liquid-crystal structure which has two six 
membered rings in more detail as partial 
structure among this liquid crystallinity 
(meth)acrylate, phenol, or aromatic hydroxy 
compound is desirable. 

The above-mentioned monofunctional 
(meth)acrylate does not have connection group 
of flexibilities, such as alkylene group or 
oxyalkylene group, between (meth)acryloyloxy 
group and liquid-crystal structure. 
For this reason, to principal chain of polymer 
obtained by making the above-mentioned 
monofunctional (meth)acrylate polymerize, 
directly rigid liquid-crystal structure unifies 
without connection group, thermal motion of 
liquid-crystal structure is limited by polymeric 
principal chain, it is thought that orientation of 
liquid crystal molecule 32 of surface 
liquid-crystal layer 4 can be stabilized more. 
Furthermore, as for monofunctional 
(meth)acrylate, polymer cannot form 
three-dimensional crosslinked structure easily. 
Therefore, it is thought that raise of driving 
voltage by effect which encloses liquid crystal 
molecule 32 three-dimensionally with basket of 
polymer is inhibited. 

As a result, liquid-crystal optical element 
excellent in both half-tone display and 
low-voltage actuation is obtained. 
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[0 0 3 5] 



^tf*i/Tt y hit i ft* 
y^mt, m\z£ "9S-£i-5 

^r.v-T ^ y 1/- h ft if &fft£ t 



[0035] 

Epoxy acrylate etc. is mixed to polymerizable 
compound, it may form crossl inked structure in 
polymeric strand. 

Epoxy acrylate has acryl group which 
polymerizes by light irradiation in one molecule, 
and carbonyl group and hydroxyl group which 
polymerize by heating. 

Therefore, unreacted part is lost in order that 
functional group of at least any one may react, 
when light irradiation or heating is performed, in 
order to harden surface liquid-crystal layer 4. 
Epoxy acrylate etc. is mixed to polymerizable 
compound, by introducing crosslinked structure 
into polymeric strand, orientation of liquid 
crystal molecule 32 is made more stably. 



[0 0 3 6] 

a, o. 0 5~i oft%oi 
mmmcDm&ft o . o 5 % £ 



B 
SB 



M# 3 4 wiaft^ft t i 
■irtffo&c £fc, 1 0%£ v) ^ 



[0036] 

As for concentration of polymerizable 
composition with respect to sum total of 
polymerizable composition and liquid-crystal 
material, in the range of 0.05 to 10 weight% is 
desirable. 

When concentration of polymerizable 
composition is lower than 0.05%, average angle 
which the orientation direction of liquid-crystal 
structure 34 of polymerizable composition and 
the orientation direction of liquid crystal 
molecule 32 of liquid-crystal material make may 
be unable to be stable in the nearly identical 
direction. 

Moreover, when more than 10%, there is a risk 
that driving voltage may increase. 
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[ 0 0 3 7] 



[0037] 



±IE^7^f yfrTs} t^yt Cft£ In surface liquid-crystal layer 4 containing the 

bbU%[ jo ctl^rft^^^r^a tp^S above-mentioned chiral-smectic C liquid-crystal 

?J$iIbJI 4 ^hbJI 4 Ojfffii material and giant-molecule, if voltage is 

HHjEft^lp] (I3CZ impressed in the direction (Z direction of FIG. 3) 

m^flE^fflAO^tl/S t , perpendicular to layer surface of liquid-crystal 

-7-3 2 j6 s ^h* Jf ©Bfi#[p] (0 layer 4, liquid crystal molecule 32 will switch to 

3 (7)XYB) fC*-< yf-V^f surface direction (XY surface of FIG. 3) of 

5o - O^ffiMjf 4 OgBfp]^ liquid-crystal layer. 

ffc{£<£ 9 % $IiB 5 0l4l:ig Orientation of liquid crystal molecule of bulk 

LTIxtf bfrltcs<J\s?tikBBJ§<D liquid-crystal layer provided adjacent to surface 

ffi.£kft^<OWifaififfl$li&friZ)o liquid-crystal layer 4 is controlled by orientation 



y<;\y^^^ B J§\t^^^ y $ ?j5iH As for bulk liquid-crystal layer, it is desirable that 

~Cfc<5 ;i t £ LV\ it is nematic liquid crystal. 

^B^S^^l^Mtt^s^^ ^£r{£ When ferroelectric liquid crystal etc. is used for 

ffl Lfci^s ?$sb/11WJ¥£ &r'h bulk liquid-crystal layer, there is the need of 

£<i~5 (f?!jx.(i 2 ju mSlT) making thickness of liquid-crystal layer small 

>&H/^fo<5/^> ^^^y?$im (for example, 2 micrometer or less), 

^fflwfclp^ fl£iHJf £>J?£ When nematic liquid crystal is used, thickness 

< w i: 36 s "C # &P>X\ of liquid-crystal layer can be enlarged. 

t^is^fe^Sli^^S - 1 # s ft Therefore, manufacturing method does not 

l\ £ kt£* ^^^y^Sfcfiftu become difficult. 

AWll^tt^f LTV^S^ Furthermore, as for nematic liquid crystal, it is 

t bV\ 'Vi^fKiIeJljiS desirable to have negative dielectric anisotropy. 

A Wl^M^^tt^r^i"^^^^ When bulk liquid-crystal layer contains nematic 

^^M^Ip^ EPiDltJEE material which has negative dielectric 

^J^^LTSrt^fpl^lBlp]^^! anisotropy, orientation state may be controlled 

ffifflffl&ti&Zfii, '^tfflL^B by surface direction in response to applied 

m&!E<VWim i gj3&%%-fZ>* voltage. 

y t&Pr t?W>it x EpjJD However, when bulk liquid-crystal layer contains 

ttJE(dfS^LTi5^^|fil{lliB[S] nematic material which has positive dielectric 

^tl^^'J^^^^So ftot N anisotropy, orientation state may be controlled 



change of this surface liquid-crystal layer 4. 



[0 0 3 8] 
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in the out-of-plane direction in response to 
applied voltage. 

Therefore, when bulk liquid-crystal layer 
contains nematic material which has positive 
dielectric anisotropy, even if switching within 
surface of liquid crystal molecule 32 of surface 
liquid-crystal layer 4 induces switching within 
surface of liquid crystal molecule, orientation 
may be controlled by it by inside of surface of 
liquid-crystal layer, and out-of-plane both as a 
whole. 

Therefore, direction which uses 
nematic-liquid-crystal material which has 
negative dielectric anisotropy can switch liquid 
crystal molecule of bulk liquid-crystal layer to 
bulk liquid-crystal layer in surface with stability 
compared with case where 

nematic-liquid-crystal material which has 
positive dielectric anisotropy is used. 



[0 0 3 9] 

B B H i4(aot, ^?WLB%m 



'. BB i 



h ft 5 Sffi £ Eg t~ 3 *s ft 



[0039] 

By switching bulk liquid-crystal layer in surface, 
and performing display, liquid-crystal optical 
element with large viewing angle can be 
provided. 

Moreover, at this liquid-crystal optical element, 
orientation of liquid crystal molecule is 
controlled by surface liquid-crystal layer 4 so 
that bulk liquid-crystal layer switches in surface. 
Therefore, in order to switch bulk liquid-crystal 
layer in surface, it is not necessary to apply 
electrical field (horizontal electrical field) to 
surface direction of bulk liquid-crystal layer. 
Therefore, since it is not necessary to arrange 
electrode which is made up of metal etc. in 
display region, there is no risk of reducing 
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[0 0 4 0] [0040] 

JB*TfcEI2j5»ibei4$r#RBb With reference to FIGS. 2-4, Example is 

T> HftS^iJSrtftf^l'So demonstrated below. 

[HJfe^Jl [EXAMPLES] 

H 2 ft, *HSSf[J(^^B B 03t^* FIG. 2 is typical sectional drawing of 

1- 2 0<fttl5£toSrEli!lT'#>5o liquid-crystal optical element 20 of this 

1^1^2 011 fcj-fa-fS Example. 

2 fttfJiSft® 6 t , ~(DMytM Liquid-crystal optical element 20 is equipped 

6 (DWi IcfBS £ titiWeB^^ 2 with liquid-crystal cell 22 arranged between two 

2 t ^riixL.TV^o opposing polarizing plates 6 and this polarizing 

2 ft, n^]ir^2wmmmm piate6. 

It, r<7>g|P3&K 1 oraf-Sc Liquid-crystal cell 22 has two opposing 

iH&fritz'ifcBBM 2 4 <h LT transparent base plates 1 and liquid-crystal 

*5*K 2&0>3i§E£ : & 1 (DMm layer 24 arranged between this transparent 

M 2 A\M^M\Z.\~X^zfh^:^, 3S base plate 1, transparent electrode 2 and 

l^liH2:fcctt>'iafB]El3;^igtt oriented film 3 are respectively provided in 

f?tlTV^5 0 liquid-crystal layer 24 side surface of two 

transparent base plates 1 . 

[0 0 4 1] [0041] 

$£11/1 2 4 ft, 2oco^S^ g ^ Liquid-crystal layer 24 has bulk liquid-crystal 

M 4 i: s ^1 IS $£[11/11 4 (eft layer 5 sandwiched by two surface liquid-crystal 

~£.tlfcs < /\'?W.mM 5 t £r^TL layers 4 and this surface liquid-crystal layer 4. 

Tl^&o ^B^B B Bii 4 & cfct)^ Surface liquid-crystal layer 4 and bulk 

^PW^mM 5 mCWd, SSl liquid-crystal layer 5 are mutually arranged 

<7)ft^;^ft^H^LTiatt£ti adjacent to the direction of normal line of base 

Tl^o b'W? plate 1. 

Malil 5 t fi#1 : @^"Cfo'So if$ Surface liquid-crystal layer 4 and bulk 

B B aH 2 4 fdjoV^T, ^Wi&B%M liquid-crystal layer 5 are incompatible. £>(S>S 

4 {t^A-^^slS 5 X <9 i>f&W- In liquid-crystal layer 24, surface liquid-crystal 

riM^c? < > 0iJ^Lft^Si^B H Bii 4 layer 4 has film thickness smaller than bulk 

co^fffl^ 100~200nm liquid-crystal layer 5, for example, film thickness 

Tfe "9 , ^/I^^bb M 5 GDfllJl of surface liquid-crystal layer 4 is about 100 - 
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\tMz.f£1fo 1 ~ 1 0 u mtfc 200 nm. 

5o W.m%^Wl-2 0T°\$±t Film thickness of bulk liquid-crystal layer 5 is 
LT^/i'^ W.bbM 5 tfS^Kl^ about 1-10 micrometer. 
-5-1~5o '^^M 5 In liquid-crystal optical element 20, bulk 

^^5^:y^f&aB3: / (£ffiL/c: 0 liquid-crystal layer 5 mainly contributes to 

display. 

Nematic liquid crystal was used for bulk 
liquid-crystal layer 5. 



[0 0 4 2] 



[0042] 

Hereafter, surface liquid-crystal layer 4 
demonstrated. 



is 



[0 0 4 3] 



[0043] 

Surface liquid-crystal layer 4 contains 
liquid-crystal material and giant-molecule. 



[0 0 4 4] 



[0044] 

[14 £^1" Smectic 



liquid crystal 



ferroelectricity 
material. 



was used 



which shows 
for liquid-crystal 



[0 0 4 5] 



V u— Mi. TE©-lRa(I) 



[0045] 

Polymerizable composition which forms 
giant-molecule contains liquid crystallinity 
(meth)acrylate, epoxy acrylate, and initiator. 
First, liquid crystallinity (meth)acrylate is 
demonstrated. 

What is expressed with following general 
formula (I) is used for liquid crystallinity 
(meth)acrylate. 



[0 0 4 6] 
[3.5] 



[0046] 

[FORMULA 5] 



1/26/2004 



27/39 



(C) DERWENT 



JP2003-315825-A 

CH 2 =^XCOO-{^Y r -(B)^Y2-(c)^-Y3R (I) 



THOIVISON 

^ 

DERWENT 



— $x*£ (I) (cjoV^Ts XfizK In general formula (I), x expresses hydrogen 

MJW^it. tclt^ fvL'Sj^rll L % atom or methyl group, n expresses integer of 0 

nit Ot.tclt 1 og$c£Srf 0 or1. 

7\ A N B Jk.X$C fi-ttL-^tu Six membered rings A, B, and C - respectively 

[0 0 4 7] [0047] 

[5£6] [FORMULA 6] 



X X-^ -0- -£> ^> -o 



(II) O^b^S LTiltR It chose [be /it /in /of (II) /independence]. 

^ti/d'bcO'CfcSo (I In Chemical formula (II), m is integer of 1-4. 

I) T\ mtel ~4©lft'fc 

•So 

[0 0 4 8] [0048] 

$ b(3L_klE— Ix^C (I) i^&l^ Furthermore, in above-mentioned general 

T, Yl RXIY 2 fi^tL-^tu formula (I), it is chosen from 

^■!bo\ — CH 2 CH 2 — > — C Y1 and Y2 are respectively single bond, and 

H 2 0— , -OCH2- — OC -CH2CH2. - 

O— , —COO— — CH = C -CH2O-, -OCH2 - 

H— % -CF = CF- — (C -OCO-, -COO-, -CH=CH-, -CF=CF -- (CH 2 ) 4 -) 

H 2 ) 4— , — CH2CH2CH2O -CH2CH2CH2O- 

— — OCH2CH2CH2— — -OCH2CH2CH2- 

CH=CHCH 2 CH 2 0- *3 -CH=CHCH 2 CH 2 0 - 

XXI— CH 2 CH 2 CH=CH— And 

<Dtpfrbl&&LXm$l£tltcb -CH 2 CH 2 CH=CH - 
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(DX'hVs Y3li|^ — O 

— N -OCO- £fcte— CO Y3 is single bond, -0-.-0C0-, or -C00-. 

0— Xh'O, Rit^^W^, ^ R is hydrogen atom, halogen atom, cyano 

p^>fW\ '>7/S, j^^ic group, C1-20 alkyl group, alkenyl group, or 

1 ~ 2 0 (DTi^j^^ T J^tf alkoxyl group. 

-frZk. £fcf47 ADVA'S 

XhZ> 0 

[0 0 4 9] [0049] 

1x^1 (I) "C^^tiSjb X is hydrogen atom in particular among 

%-^(O^X\>^\^-, XftikMW* compound shown with this general formula (I). 

-T-T'fclK n^O, 6j|HA3o N is 0 and six-membered rings A and C are 

XXfC^^iti^ftil , 4—7=. each 1 ,4-phenylene group or 1,4-trans 

— l/VS, £ (i 1 , 4 — h 7 cyclohexyl group. 

y^st u^y/U^Xh <9 s Y1 is single bond or -CIDENTICAL-TOC- and 

Y 1 C = C— Y3 is single bond. 

T9> Y 3 ^^.^o-a Xh 9 , R It is desirable that R is halogen atom, cyano 

as/May^-?-, VT/X£fc group, or C1-C20 alkyl group. 

tei^Jf iH®: 1 ~ 2 0 cOT/i^^r This compound is utilized especially suitably, in 

/i^3S"Cfo-5 w btm-'t. ^ order for near the room temperature to show 

mt&Vllt, I^ifi§tfa B Hfl liquid crystal phase. 

[0 0 5 0] [0050] 

It^tfeiyij&^Wjl^i"^^^^ As an epoxy acrylate mixed to polymerizable 

\/T 9 V l/— h t LTfis k*^. composition, it mentions bisphenol A epoxy eXj£t\,^fQ$ 

yi/^VAi^^VT^ 1) acrylate, bromination bisphenol A epoxy £|XXM 

l/— |n > 7"n i^t: ^7i/- acrylate, or phenol novolak type epoxy acrylate (LUf)^fjXr 

/l/AS 1 ^^^^ y i/— fv as a representative example. ^ 

=.#*i/rt y i/- h teat* ft 
mmt LxhifbtiZo 

[0 0 5 1 ] [0051] 

bifcgkWPr b <Dit As for concentration of polymerizable 
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composition with respect to sum total of 
polymerizable composition and liquid-crystal 
material, it is desirable to set it as 0.05 to 
10weight% of range. 

Thereby, it is because the orientation direction 
of liquid-crystal structure of polymerizable 
composition and the orientation direction of 
liquid crystal molecule of ferroelectric 
liquid-crystal material can be stabilized in the 
nearly identical direction. 



[0 0 5 2] 

Ltcm&ms.i$,m^ ytt. tat 



[0052] 

Next, initiator is demonstrated. 
Polymerizable composition mentioned above 
polymerizes with combination of light, heat or 
light, and heat, giant-molecule is formed. 
Polymerization initiator is suitably added so that 
this polymerization reaction may advance 
promptly. 



[0 0 5 3] 

^>v>t Y^^-ir^A Y\ -< 
hoc- k "yt 

A Y\ s<yy?4 /isT /\s*/\s=z-— 
"r;v%^ r± Yy^/y^k, -< 
yy'y^yy^^ *V>hy& 

v*=lT 1 1 7 3, 1 1 1 6 (/ 
/i^tth ^/^>aTl 8 4, 
369, 651, 907 



[0053] 

As polymerization initiator, methyl-ethyl-ketone 
peroxide, benzoyl peroxide, cumene hydroid 
peroxide, tertiary butyl per octoate, dicumyl 
peroxide, benzoyl alkyl-ether system, 
acetophenone system, benzophenone system, 
xanthone system benzoin ether system, benzyl 
ketal system 

For example, as a commercial item, it is 
desirable to remain as it is or to use Darocurs 
1173 and 1116 (Merck company), Irgacures 
184, 369, 651, and 907 (Chiba chemical), 
Kayacure DETX, EPA, ITA (Nippon Kayaku), 
etc. in mixture as appropriate. 



pa l£M 
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[0 0 5 4] 



1 Ofi 



mj&mzft^x i oi 
*% x «9 # < mm-r % t m&m 

[0 0 5 5] 

o^^tt £ ft ± £ 5 tc #> 



[0054] 

As for additional amount of polymerization 
initiator, it is desirable that it is 10 weight% or 
less to polymerizable composition. 
If it adds a lot of than 10 weight%, 
polymerization initiator will act as an impurity, 
there is a risk that specific resistance of 
liquid-crystal layer may fall. 

[0055] 

In addition, in order to improve the stability of 
liquid-crystal composition of surface 
liquid-crystal layer 4, it may add stabilizer 
further. 

As a stabilizer, hydroquinone, hydroquinone 
alkyl ether, and 3rd butylcatechols can be used. 
Moreover, as for the proportion, it is desirable 
that it is 1 weight% or less to polymerizable 
composition. 

If it adds a lot of than 1 weight%, stabilizer will 
act as an impurity, specific resistance of 
liquid-crystal layer falls. 



[0 0 5 6 ] 

3 ft £ ml m$L i ± 



[0056] 

Above-mentioned polymerizable composition 
polymerizes by light irradiation after applying on 
base plate 1 in which oriented film 3 was 
formed, it high-specializes. 
When carrying out polymerized of the 
photopolymerisable composition by light 
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1&&1Mt.faRXfiftM&to1tfflls irradiation, it depends for the amount of 

£ b^-^co^k^ctfcfci- <5#\ irradiation of light on liquid-crystal composition 

50^bl OOOOmJ / cm to be used and photopolymerization initiator, 

2 OgfiffldSSf * LV\ RgW3t** s and pan at the concentration. 

50mJ/cra 2 J^Ttfe^I However, 50 to 10000mJ/cm 2 range is 

£\ desirable. 

fkit-f , ^fcl 0 0 0 Om J/ It is for photopolymerisable composition not to 

cm 2 £l±f fo£#n^B B B^/£ harden completely, when irradiation quantities 

< yt^iti-^tc^Tsh of light is below 50mJ/cm 2 , and for liquid-crystal 

•So composition to carry out photodegradation 

greatly, when it is more than 1 0000m J/cm 2 . 

[ 0 0 5 7] [0057] 

^S^bbS 4 (DW £ (±> /fD 1 0 As for thickness of surface liquid-crystal layer 4, 

0^b 2 0 0 n mgltfoS: it is desirable that it is about 100 to 200 nm. 

£ SlffSr 1 0 0 n When film thickness is made thinner than 100 

mi <9 ^>?1K1~<5 t , $®^h b 0 nm, liquid crystal molecule of surface 

H 4 CDf&dl^T- ^ ll^ 1 i:^7 liquid-crystal layer 4 stops moving according to 

]) V^^J^^J: , 3g[lH$ the anchoring effect of liquid crystal molecule of 

iHJf 4 <Z)ft£g1i5H^lb cf l£ < < surface liquid-crystal layer 4, and base plate 1 . 

/£9, ^-f y^l/JfUc < < There is a risk of becoming difficult to switch. 

^jo-^tL^foSo — Jf s @^i¥?r On the other hand, when film thickness is made 

2 0 0 nmiH^Kt?) larger than 200 nm, there is a risk that liquid 

t , ^:W^mM 4 (D'M^B^^i 1 crystal molecule of surface liquid-crystal layer 4 

SiE 1 li I ft fa iLhbn may not be switched in the direction 

ESrt^-l' ^^ 1 V^$ti^e< perpendicular to base plate 1 in surface at the 

fe&jro-^tiftfo&o beginning of standing. 

[ 0 0 5 8] [0058] 

m 3 it, : Mbb%^^^ 2 0 £H FIG. 3 is perspective diagram showing 

^^^f^^[^^fe<5o -bi£ liquid-crystal optical element 20 typically. 

LTz^^^bbM 4 b^^t ifem If voltage is impressed to liquid-crystal layer 24 

H 5 t ^^I^MbIS 2 4 (dH which has surface liquid-crystal layer 4 

HzT^EP^D $ ti5 ^ 03 ^tj^ mentioned above and bulk liquid-crystal layer 5, 

X ^W&bbM 4 (DW.^jf as shown in FIG. 3, liquid crystal molecule of 

^^fliroffirt (H 3 coxy surface liquid-crystal layer 4 will switch into 
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surface of liquid-crystal layer (XY surface of 
FIG. 3). 

According to switching of this surface 
liquid-crystal layer 5, liquid crystal molecule of 
bulk liquid-crystal layer 5 which adjoins surface 
liquid-crystal layer 4 switches into surface of 
liquid-crystal layer (XY surface of FIG. 3). 
Liquid-crystal optical element 20 performs 
display with this switching mode within surface. 
Therefore, it is wide-visual-field angle. 



[0 0 5 9] [0059] 

SXTfc, 11 2 Ltf B B B)t Below, with reference to FIG. 2, composition of 

0 <Dffif&&£ Vm'ffl^ liquid-crystal optical element 20 is 

fftf^i"<bo demonstrated more at detail. 



[0 0 6 0] 

fc&m 2 4 &&&mwmm 1 tz 



[0060] 

Transparent base plate 1 which sandwiches 
liquid-crystal layer 24 is formed from glass, 
plastics, or metal. 

It is desirable to form color filter in base plate 1 , 
for obtaining liquid-crystal optical element which 
can carry out color display, or to disperse 
pigment, pigment, etc. in base plate. 



[0 0 6 1 ] 

i <o&&m 2 4 mttffi t^ta 
i-t hnx^zmwwm 2 

(i\ ^y-^AUtt ( 1 t 
o) 4fcfi, t°P-;w^(D 

f-li, &Kl 2 £ Ut 



[0061] 

Transparent electrode 2 prepared in 
liquid-crystal layer 24 side surface of base plate 
1 is formed from organic electroconductive thin 
films, such as indium-tin oxide (ITO) or 
polypyrrole. 

Or when base-plate 1 self to be used has 
electroconductivity, base plate 1 can be utilized 
also as electrode 2. 
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[0 0 6 2] [0062] 

i&WMM 2 (DMbbM 2 4fti]^ffi As for oriented film 3 currently each formed in 

t£-tti-?tlfiM£ftTV>56E[o] liquid-crystal layer 24 side surface of 

IK 3 fit, ^WMbbM 4 (DW^mtti transparent electrode 2, it is desirable that 

-^-^/fr^E- i/~ T^iEr^i"^ J: o orientation processing is carried out so that 

{ZB : Zfi}®!$i£frifch(D'VfoZ)^ liquid crystal molecule of surface liquid-crystal 

t # 5 £P£ L\/\ IE[pQj]I 3 ttZ. layer 4 may carry out homogeneous orientation. 

xJfs TNila, SfcttSTN Oriented film formed from polyimide generally 

I^bb^ WcMbIj^^^^K:— used for liquid-crystal optical element which 

JtxM ^ fctl* *° y -Y 5 K*fA» used for example, TN liquid crystal or STN LCD 

bMlfc £ titdRfam&%\m £ti is utilized for oriented film 3. 

5, d£>#!M 5 K^7^£>?F^5£ Soluble type thing with which polyimide etc. 

$tu^)I£[n]S^(ci{t^iJx.{5s !i melted into solvent, or baking type thing baked 

-Y 5 y^1$^%\zM\ViLhtz.^ and polyimide-ized is used for oriented film 

4 y<Di>(D^ $.1zft % B formed from this polyimide etc. 

fftLXtfy^ 5 V4k1rZ)jfej$,$ Moreover, in order to fully orientate liquid crystal 

-Y 7°(0%<Di)H^M $ti/-5 0 %tz. s molecule, orientation processing of rubbing etc. 

^h^^+^ISIp] maybe performed. 

7 t' ^^^colBfRlMiS^ Or it may use optical oriented film which can 

JS^tLfV^T t>ilv\ fo<5W3;, carry out orientation processing of the liquid 

ifs y t"— /Vv/yf^ — K ^fc crystal by irradiating ultraviolet rays to organic 

ft tf? y -Y 5: h*WE£^<Dfc$kWf§: thin films, such as polyvinyl cinnamate or 

^ft-B^^MIr Z> k\z£ polyimide thin film. 

9, ttA&EGl#yS"C#<53te5l Or it may use base plate to which orientation 

fRj^tr-fflV^T h <fcV\ fo^Wi, ability was given by vapor-depositing SiOx etc. 

S i O x & f^rS^coMH 2^ from across on electrode 2 surface of base 

Sil:^fe^f)Ilft5r ctteij; plate. 

[0 0 6 3] [0063] 

2#£>Slgltf>MPlE>&£te The form of a rod which is made up of glass or 

It ii^^^a^iTt^^T-fiiiffll^ polymeric resin used for usual liquid-crystal 

hti&tfv xt-tcfeMft^f-ffifin optical element, spherical, and pillar-shaped 

frbteZi d y ft^t spacer were used for setup of spacing of two 
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0)X^—y—Z&mLti o Sf£ base plates 1. 

1 (DFb\M& 1 n mWif%.frh 1 0 As for spacing of base plate 1, it is desirable 

/img^t'fc5:H 5 l$L that it is about 1 micrometer to about 10 

V \ StiEIR] PH* S 1 m m J: 0 /Jn $ micrometer. 

V^Hh +5t'&7 1 c ! ^#J^-i' j/f When base-plate spacing is smaller than 1 

y^j&Sf&fcJvifc < te&to^titf micrometer, there is a risk that sufficient optical 

fcOs ffcl switching may no longer be obtained. 

£J^£#£5fl£ij#^fi£fll3i Moreover, when larger than 10 micrometer, 

Sr^fiic LXlrftfltEifa^A yi~ there is a risk that affecting liquid crystal may 

V ^^fbftftV^&^tt^fo form spiral structure and sufficient switching 

<5 0 JfMW&WM'T?^ %t)4n within surface may not be obtained. 

mO&tyt*^*— if ^rffli/^/Co About 4 micrometer spherical spacer was used 

in this Embodiment. 



[0 0 6 4] [0064] 

^H^^iJco^Ei^t^^T- Next, measurement result of transmissivity of 

(D%MM^<DMfe%v^ : fcl$.Vfi'F liquid-crystal optical element of this Example is 

6c ll 4 ft, EP#nHJE:io«fclfi§ demonstrated. 

i§^C0B#rBl^fb^r^i"o FIG. 4 shows time change of applied voltage 

and transmittance. 

[0 0 6 5] [0065] 

0 &ri£K:, ^Uli 2 4 £r#e Bordering on time 0, the polarity of voltage 

ttWM2 \z.Q\1)$ir &W±<dW&. impressed to electrode 2 which sandwiches 

%&Z.XW£k?/t¥Ml- 2 0 (D% liquid-crystal layer 24 was changed, and 

Sii^^i'J^LfCo W\4£<0, transmissivity of liquid-crystal optical element 

MllJ±<7);t!t£^ibk:#oT, 20 was measured. 

; {&m%¥Wkl- 2 0 (D%^]gW FIG. 4 finds that transmissivity of liquid -crystal 

SHbLTV^S ^ bft<Dfr%>o optical element 20 varies with polar change of 

MJ±<dM±^^#oT;S® applied voltage. 

W. hh M 4 ^ ffi * y'f'y'f Surface liquid-crystal layer 4 switches in surface 

4 (7)®^^ with polar change of applied voltage, in 

A y ^l/^&tktfX/^jvVyfcin response to switching within surface of this 

S 5 (D^B^^-T-^ffirt^iafpi^ surface liquid-crystal layer 4, liquid crystal 

itL, itM^^'^itLtit^ molecule of bulk liquid-crystal layer 5 carries out 

x. hfrL& 0 orientation change into surface, it is thought that 
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transmissivity varied. 



[0 0 6 6 ] 



[0066] 



[ADVANTAGE OF THE INVENTION] 

While viewing angle and opening rate were 
large, liquid-crystal optical element alternative 
of material is large and manufacture is easy 
was able to be provided. 
This invention can be utilized suitably for 
liquid-crystal optical element utilized for display 
device which displays character, figure, etc., 
modulated-light apparatus from which 
transparent quantity of incident light varies, 
optical shutter, etc. 



[BRIEF DESCRIPTION OF THE DRAWINGS] 



[HI] 



[FIG 1] 

It is model of surface liquid-crystal layer of one 
embodiment of this invention. 



[12] 

\X*fo%> 0 



[FIG 2] 

% J F-<D%£j£,tf} It is typical sectional drawing of liquid-crystal 
optical element of Example. 



[12 3] [FIG 3] 

^te^J^^BBTfe^^^f-O^iCW It is typical perspective diagram of liquid-crystal 
iT'foSo optical element of Example. 



[124] [FIG 4] 

"MM j ^\(0 ; Mhb%^M1'<D^M% It is diagrammatic chart in which time change of 
Bt^^^^^f^it^TjkirV applied voltage and transmittance of 
7 7tfc5 0 liquid-crystal optical element of Example is 

shown. 
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[DESCRIPTION OF SYMBOLS] 

1 Base plate 

2 Electrode 

3 Oriented film 

4 Surface liquid-crystal layer 

5 Bulk liquid-crystal layer 

6 Polarizing plate 

20 Liquid-crystal optical element 

22 Liquid-crystal cell 

24 Liquid-crystal layer 

30 Liquid-crystal layer 

32 Liquid crystal 

34 Liquid-crystal structure 

35 Polymeric strand 



mi] 




[FIG 1] 
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[FIG. 2] 
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DERWENT TERMS AND CONDITIONS 



Derwent shall not in any circumstances be liable or responsible for the 
completeness or accuracy of any Derwent translation and will not be liable for any 
direct, indirect, consequential or economic loss or loss of profit resulting directly or 
indirectly from the use of any translation by any customer. 

Derwent Information Ltd. is part of The Thomson Corporation 

Please visit our home page: "WWW.DERWENT.CO.UK" (English) 

"WVWV.DERWENT.CO.JP" (Japanese) 
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